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Abstract: Circular or annular plates and mostly ribbed struas have multiple utilizations in numerous
engineering domains: processing equipments, nawatallurgy, civil constructions industries. The eng
neering ability, implemented in practice, introddc® reduce the consuming of materials, but also th
energy consuming, alternative solutions: materfalsreplacement or rigidifying using ribs. The topf
this paper takes into discussion the particulareca$the structures with constructive orthotropy.

In this paper is presented the analysis of stresta®es for a plane and for a ribbed plate, to oledhe
advantage of the rigidifying. The presence of ths leads to reduce the consuming of metallic nigiter
The plates, of the same dimensions, are solicit€d3aMPa pressure. For comparison, we used the ana
lytical, finite elements and experimental methanigte plane plate and for the ribbed plate, wedudes
finite elements and experimental methods. In tblertieal literature, for the ribbed plate there is ana-
lytical method for calculating of the deformationdastresses states, only some approximations fer pa
ticular cases. Finally, as we infer from the conipan of the results, we observe the advantageeofith
gidity of the plate. In this case the value of $tiesses lower about three times. Closed valueobre

tained using the variants of calculus: analyticahjte

elements and experimental. However, we tiae

at the embedded plates the maximum of stressesaitetl on the contour.

Key words: plane circular plate, circular plate with ribs,retsses states, numerical method, experimental

method, analytical method.

1. INTRODUCTION

The engineering ability, implemented in practiae, i
troduced to reduce the consuming of materials,atad
the energy consuming, alternative solutions: mal®for
replacement or rigidifying using ribs. The topic tbis
paper takes into discussion the particular casdhef
structures with constructive orthotropy.

Circular or annular plates [1], of constant or ahfé
thickness, connected with rigidity elements-by icagst

bonding or welding, are met in numerous engineering

domains [2 and 3]. Radial and/or annular ribs can b
disposed symmetrical or not, toward the middle exef
of the proper plate.

The searches had been done to establish the dis-

placements and stresses states at plates rigidifitd
ribs can be grouped in:

a) Approximate calculus methods of the stresses and-

displacements states;

b) Methods which abase the study at behaviour ef th

d) Numerical methods {49];

e) Experimental methods [10].

In this paper the following aspects are realized:

« the determination of the stresses states for aeplan
plate, using the methods: analytical, finite eletaen
and experimental;

» determination of the stresses states for a plaate,pl

using the methods: analytical, finite elements ard

perimental; the determination of the stressessftate

a ribbed plate, using the methods: finite elemants

experimental. The analytical method for the ribbed

plate was analyzed in the scientific publicatioyon
for some particular cases;

comparison of the obtained values.

PLANE PLATE ANALYZE

2.1. Elementsfinite method
We analyze the plane plate, having 32 holes, and

compound elements: plates and ribs, that are considyeometrical characteristics from Fig. 1, usingtéingle-

ered with different leaning ways;
Calculus methods that abase the structural wapic
at material orthotropic;

c)
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ment method. We consider that the plate is fixedion
cumference of the holes for the screws, which clémgp
plate by the experimental recipient [13]. Using tite-
gram, the plate was divided in mesh-type tetrahedro
elements. The plane plate with 32 holes were di/idea
total of 16 696 elements and 5 561 nodes. We préisen
calculus variant with finite elements, the plateesses
distribution at 0.3 MPa being presented in Fig. 2.
Stresses from Fig. 3 are obtained at pressure8dfiPa,
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Fig. 1. Geometrical characteristics of the circular plptae.
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Fig. 2. Stresses of the fixed plane plate, at pressur®193.

cre(IV)=x/crf+cr§—cr,E<be : (3)

The radial and circumferential stresses at a certai

using a plan which passes through the centres of twdijus are established with the relations:

exactly contrary holes, which are situated betweem
neighbour holes. Stresses values are given in Tlable

2.2. Analytical method
In this case the plane plate is considered fixedhe

6
=+ —

r 6 2 r
The expressions of the bending moments are:

o ;O 4)

line of the centres of the holes,rgte 285 mm. M =£Eﬂl,3DT 2 -330 2); (5)
We use the relations (1, 2, and 3) for the evabuadif 16
stresses on the circumference of leaning [11]:
i M,=Pr{1302 -1,90°7). (6)
. E ;- 16
0, =+0225 52 @ where: 0,,0,,0, are radial, circumferential, equivalent
stresses at median surface of the plape: uniform
|] 2 . . o
o, =% 0,75E£ iy ) d!strlbuted pressure on'the surface of the plate-ra
3 dius of the embedded circumference of the plate;
Table 1
Stresses 0 [N/mm?, at 0.3 M Pa pressure, for the fixed plane plate
r [mm] 0 7 21 36 50 66 80 95 110 124 138 152 167
g [Nimm] 129.8| 129.7] 128.3 1254 1209 1135 108.1 99.885891.81.19] 72.56 62.68 59.719
178 194 211 | 225 | 239 251 262 273 285
57.99| 62.67] 7643 954 113]2 127.3 15p.3 2444 1443
g [N'mm?]
"
250 é
200 _"fl llll
150 i 1".
1 —— e i N ok '.I
100 . G i e T i : |
i i |1
50 bR ST S !
i >
0 21 S0 50 110 138 167 194 225 251 273 285 r[mm]

Fig. 3. Stresses of the fixed plane plate, at 0.3 MPaspres
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Table 2
Stresses 0 [N/mm2], at 0.3 M Pa pressure, for the fixed
plane plate, using finite elements and analytical methods

o [N/mnT]
r[mm] Finite elements Analytical method
method
225 95.4 75
& — thickness of the plateM ., M ;- radial bending 100
moment (acting in a diametral plane of the plameutar
150

plate), respectively annular bending moment; current
radius.

The value of equivalent stress on the leaning aonto
of the plate iso _ ., =162.4 N/mn?, for the pressure of

0.3 MPa. The equivalent stress at radius 225 mm

(because at radiug, =285mm in MEF large increases g 5 The position of the strain gauges on the planeplat
of the stress are recorded)ds, = 75 N/mn¥.

As seen from Table 2, where the maximum values of
stresses established by the two methods for céiegla
are processed, the values of stresses fond by faét- To assess the stresses developed bot_h on the upper
ment method are relatively close to those founcaby- ~ Surface of plane plate and on the plate with radis,
lytical method. In the case of finite element asiythe ~ Under the action of the pressure created insideeihe
plate had been fixed on the internal contour oftibles, ~ Perimental vessel, two perpendicular directions ewer

and in the case of analytical method, the platetieeh ~ @ccepted to be provided in the cross transducensi- n
fixed in the continuous outline generated of thetee Pered with odd numbers (those in the directionaiadi

holes. and with even numbers (transducers oriented irugirc
ferential direction).
If it is supposed at a value of the pressure o\PR, The zones where the strain gauges are fixed on the
we obtain the maximal value of stress on the fikee,  Plate are presented in Fig. 5. The used strainemage
like in Table 2. KM120, with R = 120Q resistance anl = 2.04 £+ 2 %
elastic constant.
2.3. Experimental method We measured the radial and circumferential deforma-

In the experimental case, we take into account thdions values, both at the increase and decreaséeof
measuring of specific linear deformatiomisthe external ~ Pressure, obtaining the values: 0.05; 0.1; 0.1%; 0. O.
points of the plate and calculus of the radialcwinfer- ~ 25; 0.3 MPa. We had been realized the processiigeof
ential and equivalent stresses, in the same conditi €xperimental data using mathematical program, aecep
using the strain gauges [5]. ing a linear variation, which depends on paramptes-

The components of the experimenta| stall are pre_sure. We Obtain-ed the equivalent- stresses ValUEShW
sented in Fig. 4, where: 4 vessel with the plates for are represented in the Table 3, using the foustistance
criterion. On their basis, the diagram in Fig. 6svab-
tained.

Used to calculate the radial, annular and equitalen
stresses are the relations:

testing; 2- manometer; 3 branch; 4- tap (open during
the filling with water of the tap and closed duripgess-
ing); 5- bend; 6- pump group; % funnel for the filling

of the installation.
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Fig. 6. The variation of the equivalent stresses whichcateu-
Fig. 4. Schema of the experimental stall. lated on the basis of the fourth resistance theory.
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Table 3
o, :1_\)2 EﬂS, +v [, ); (7) The values of the equivalent stressesat 0.3 M Pa
P p[MPa] | r [mm] GE[N/mmZ]
Obs.
E MA | MEF | ME
09=1_"2Eﬁ8e+vp@r)? (8) (IV)
Vo 0 |118v8| 130.1 121.3 Oe
761 | 838 77.2| 0.(IV)
ce(IV)=\/0f+0§—0ﬂI9. 9) 0.3 125 (V)
175 | 510 | 66.7| 582 9V
o5 | 750 | 744 707] 9.(IV)
@650
- 1T 1 =
" |
@570
@150
32 holes $23
= @160
Fig. 7. Geometrical characteristics of the circular ribipéate.
Fig. 8. Stresses of the fixed ribbed plate, at 0.3 MPaspires
Table 4
Stresses o [N/mm?], at 0.3 M Pa pressure, for thefixed platewith ribs
r [mm] 0 7 21 36 50 66 80 95 110 124 138 152 167
p= 36.92 | 36.44| 354 3289 28.14 23.85 415 4038 31.2.11| 31.05| 30.66 27.72
0.3M Pa

178 194 211 225 239 251 262 273 285

25.71| 17.73| 13.79 29.82 4591 6224 94|75 129.6 7140.
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Fig. 9. Stresses of the fixed ribbed plate, at 0.3 MPaspires

3. RIBBED PLATE ANALYZE

3.1. Elementsfinite method

We analyze the ribbed plate, having 32 holes, anc
geometrical characteristics from Fig. 7, usingténgle-
ment method. We consider that the plate is fixedtion
cumference of the holes for the screws, like indage of
the plane plate [13]. Also, we present the calculrsant
with finite elements. The plate stresses distrinytat 0.3
MPa pressure is presented in Fig. 8.

Stresses from Fig. 9 are obtained at pressure @3, M
using a plan, which passes through the centresvof t
exactly contrary holes, which are situated between
neighbour holes. Stresses values are given in #able

3.2. Experimental method

ME
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(M 1m )
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In the experimental case, we take into account the

measuring of specific linear deformatioofsthe external
points of the plate and calculus of the radialgcwinfer-
ential and equivalent stresses, in the same conditi
like in the case of the plane plate, using thersigauges
[13].

The zones where the strain gauges are fixed on th
plate are presented in Fig. 10. We also used tlaénst

Fig. 11. The variation of the equivalent stresses which are
calculated on the basis of the fourth resistaneerth

Table 5

The values of the equivalent stresses, which are

€theoretical and experimental calculated (MA), (MEF) and
(ME), at 0.3 MPapressure, for theribbed plate

gauges. m 1o [N/mmz]
[MPa] | [m = Obs
m | MA | MEF | ME
0 | 3692 3020 9.(IV)
03 | 125] - | 319 34 a.(v)
75| - | 259 | 2760 O.(IV)
o5 | - | 51| s77| O.(IV)

We obtained the equivalent stresses values, whigh a
represented in the Table 5, using the fourth rexscst
criterion. Figure 11 derived from these results.

100

150

4. CONCLUSIONS

We take into account the deformations, respectively
stresses values, which are produced in differemtpof
the plate. As we infer from the comparison of tasuits,
we observe the advantage of the rigidity of theeplin

Fig. 10. The position of the strain gauges on the ribbetkepla
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